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Abstract: The purpose of the studies was to examine the influence of additives and the storage temperature on
the physicochemical properties of the eye drops containing ceftazidime and on the antimicrobial activity of cef-
tazidime in the eye drops stored for 30 days at the temperature of 4°C and 20°C. The eye drops were 1% ster-
ile aqueous solutions of Biotum® (Ceftazidimum) in citrate buffer of pH 6.18-6.30, which were preserved with
0.002% thiomersal or 0.001% phenylmercuric borate mixed with 0.4% [-phenylethyl alcohol. The viscosity of
the eye drops was increased with polyvinyl alcohol. The pharmaceutical compatibility test showed the phar-
maceutical interaction of 1% solution of Biotum® with thiomersal at the concentration higher than 0.003%, with
0.01% chlorhexidine diacetate and with 15% polyvinylpyrrolidone. As the criteria of the qualitative assessment
of both freshly prepared eye drops and those stored at the temperature of 4°C and 20°C, the following analyses
were considered: organoleptic analysis (color, clarity, and smell), sterility, pH, osmotic pressure and viscosity.
The antimicrobial activity of ceftazidime and the preservation efficiency of thiomersal and phenylmercuric
borate in the eye drops were determined using methods of the Polish Pharmacopoeia VI (PPh VI). The antimi-
crobial activity of ceftazidime in the drops was especially influenced by their storage temperature. After 30 days
of storage at the temperature of 4°C, there was no decrease of antimicrobial activity of ceftazidime detected in
the eye drops. However, when the eye drops were stored at the temperature of 20°C, the decrease of antimi-
crobial activity of ceftazidime was observed already after 14 days. After 30 days of storage both at the temper-
ature of 4°C and 20°C, neither pH nor viscosity of the eye drops changed; however, the osmotic pressure was

decreased.

Keywords: ceftazidime in the eye drops, the eye, pharmaceutical interactions of ceftazidime

Cephalosporins, which are currently consid-
ered in ophthalmology as a significant constituent of
antibiotic therapy, are used topically and systemi-
cally. In spite of their high antimicrobial efficiency
and low toxicity for eye tissues, there is no oph-
thalmic, cephalosporin-containing drug form which
could be used topically, registered in Poland or in
the world. There is also lack of scientific informa-
tion concerning formulary technologies of cephalo-
sporin-containing eye medications, i.e. eye drops
and ointments, especially concerning their content,
the way of preparation, storage and stability.

As there is no industrial drug form containing
cephalosporins available, aqueous solutions of these
antibiotics, when necessary, are prepared ex tempore
by hospital pharmacies only for the needs of the
patients of ophthalmic wards. These eye drops are
usually prepared by the dissolution of parenteral,
lyophilized antibiotics in various vehiculum, for
example in commercial preparations of “artificial
tears” (1-4), solutions of sodium chloride (5-7), 1%
solution of glicerol (5), or 5% solution of dextrose
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(8). The stability of cephalosporins in the eye drops
prepared in this way is limited because they are not
stable in aqueous solutions (1-8). The quick loss of
their antimicrobial properties is connected with the
hydrolysis of B-lactam group. Such factors as pH,
the storage temperature, the influence of light and
the presence of additives strongly influence the rate
at which this process occurs.

The stability of ceftazidime in aqueous solu-
tions is described by the results of the studies of
Peyron et al. (6). Using HPLC, they determined that
the degradation of ceftazidime at 2% concentration,
in the 0.9% solution of sodium chloride, was 3.22%
after 21 days of storage at the temperature of 4°C.
However, in the same solution stored at the temper-
ature of 25°C, the ceftazidime degradation reached
9.88% already after 4 days of storage. Ceftazidime
degradation in the solution mentioned above, stored
at the temperature of 25°C, was accompanied by the
increase of pH and osmotic pressure (6).

The influence of ceftazidime concentration on
its stability in aqueous solutions was the subject of
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the studies of Achach and Peroux (7). Degradation
of 5% ceftazidime in the 0.9% solution of sodium
chloride, after 8 days of storage at the temperature of
4°C, was 11.72%, while degradation of 2% cef-
tazidime in the same solvent, i.e. 0.9% solution of
sodium chloride, and at the same storage tempera-
ture (4°C) after 21 days was not higher than 3.22%.

In the ophthalmic practice, three cephalo-
sporins are used: cefuroxime (II generation), cef-
tazidime and ceftriakson (III generation). Cefazolin
(I generation) is also used for topical treatment of
eye inflammations, especially those which are
induced by Gram-positive cocci such as Staphylo-
coccus sp. and Streptococcus sp.

Commercial preparations of “artificial tears”
(3, 9) are not suitable solvents for, e.g. cefazolin,
cefuroxime and ceftazidime, because their pH,
which should be isohydric with lacrimal fluid (pH
7.0-7.4), is not appropriate for the stability of these
antibiotics.

Moreover, “artificial tears” contain some addi-
tives which pharmaceutically interact with
cephalosporins, resulting in the decrease of antimi-
crobial activity of the antibiotics in the eye drops.
Examples include the interaction of ceftazidime
with EDTA or benzalkonium chloride (11), or the
appearance of sediment as a consequence of the
interaction of cephalosporins with some preserva-
tives (2, 3, 10, 11).

Ceftazidime, because of its wide antimicrobial
spectrum, is very useful for the topical treatment of
infectious eye diseases, particularly those induced
by Gram-negative bacteria: Pseudomonas aerugi-
nosa, Haemophillus influenzae, Neisseria gonor-
rhoeae, Acinetobacter and by all Gram-negative
bacilli of FEnterobacteriaceae family, i.e.
Escherichia coli, Proteus, Klebsiella, Enterobacter,
Serratia, Citrobacter, Morganella, Salmonella and
Shigella. One of the main advantages of cef-
tazidime, apart from its special activity against
Pseudomonas aeruginosa, is its resistance to typical
-lactamases of the types TEM, SHV and PSE-1.

The purpose of this study was to examine the
influence of selected additives and the storage tem-
perature on the physicochemical properties of the
eye drops containing ceftazidime and on the antimi-
crobial activity of ceftazidime in the drops stored for
30 days at the temperature of 4°C and 20°C.

EXPERIMENTAL

Material under investigation
Biotum® (Ceftazidimum), IBA Bioton, of 1.0 g
ampoules with dry active substance for intravenous

or intramuscular injections, composed of cef-
tazidime pentahydrate (1.0 g) and sodium carbonate
(0.118 g).

Eye drops containing ceftazidime prepared
under aseptic conditions in accordance with the
pharmaceutical composition showed in Table 1.

Sterile aqueous solutions of: ceftazidime, cit-
rate buffers, polyvinyl alcohol (PVA), preservatives:
benzalkonium chloride, thiomersal, phenylmercuric
borate and chlorhexidine diacetate.

Reagents

Citric acid monohydrate, sodium citrate p.a.,
polyvinyl alcohol 72000 (PVA) P.P.H. POCH
Gliwice, Thiomersal BP 1998 — Caesar & Lorentz
GmbH, phenylmercuric borate Pharma Cosmetic
s.c., Cracow, chlorhexidine diacetate monohydrate —
Fluka Biochemika, benzalkonium chloride NF, -
phenylethyl alcohol (2-Phenylethanol) Merck —
Schuchard.

Apparatus

pH-meter (CyberScan 500, Singapore);
osmometer (Trident 800cl, Warsaw); Hoppler vis-
cosimeter KF10 (Priifgerite — Werk Medingen,
Dresden); apparatus for membrane filtration —
Sartorius; air sterilizer type S.P.W. 65M
(Spotdzielnia Pracy Marki); autoclave EIMI type ESS
— 105 (Spétdzielnia Pracy Mechanikow, Warsaw);
densitometer (Mettler Toledo DA — 110M); electron-
ic analytical scales: up to 0.1 mg — type WPS 36/S
and up to 0.002 g type WPS 720/C (Radwag,
Radom).

METHODS

Preparation of sterile solutions of additives
Citrate buffers I and II

Sodium citrate and citric acid were dissolved in
water for injections. Solutions were filtered through
a fritted glass funnel Schott G-4, poured into infusion
bottles and sterilized in the autoclave at the tempera-
ture of 120°C % 2°C for 20 min. Sterile citrate buffers
were characterized by the following physicochemi-
cal parameters: buffer I: pH 6.18-6.30, osmotic pres-
sure 296.25 + 3.50 mOsm/L; buffer II: pH 6.22-6.24,
osmotic pressure 565.67 £ 1.53 mOsm/L.

Solution of polyvinyl alcohol (PVA)

Polyvinyl alcohol was mixed with water for
injections of room temperature, heated up to 90-
95°C and while being heated it was continuously
stirred for 1.5 h. After cooling it down to 20°C and
supplementing the evaporated water, the clear solu-
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tion was filtered through the fritted glass funnel
Schott G-1. Then, it was poured into infusion bottles
and sterilized in the autoclave at the temperature of
120°C % 2°C for 20 min.

Sterile PVA solution was characterized by the
following parameters: pH 5.01 £ 0.02, viscosity:
17.11 £ 0.04 mPa-s, osmotic pressure: 5.68 + 0.80
mOsm/L.

Aqueous solutions of preservatives

The following solutions were prepared: 0.5%
concentration of benzalkonium chloride, 2% solu-
tion of thiomersal, 0.04% solution of phenylmer-
curic borate and 1% solution of chlorhexidine diac-
etate. After filtration through a fritted glass funnel
Schott G-4, solutions were poured into infusion bot-
tles and sterilized in the autoclave at the temperature
of 120°C % 2°C for 20 min.

Studies of pharmaceutical compatibility of cef-
tazidime with selected additives used in the tech-
nology of eye drops

Under sterile conditions selected additives
were added separately into 1% solutions of aque-
ous Biotum® (Ceftazidimum) at the following con-
centrations: sodium chloride (0.9%), sodium cit-
rate (6.0%), citric acid (0.3%), hydroxyethylcellu-
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lose (HEC) (0.25%), hydroxypropylmethylcellu-
lose (HPMC) (0.5%), polyvinyl alcohol (PVA)
(2.0%), thiomersal (0.002%), phenylmercuric
borate (0.001%), B-phenylethyl alcohol (0.4%),
sodium pyrosulfite (0.01%), disodium EDTA
(0.03%), benzalkonium chloride (0.005%).
Solutions of ceftazidime containing additives, pro-
tected from light, were stored at the temperature of
4°C and 20°C for 14 days and were examined for
their color and clarity.

Preparation of the eye drops containing cef-
tazidime

Biotum® (Ceftazidimum) 1.0 g was dissolved
in the recommended amount of citrate buffer I or II
(Table 1), under sterile conditions. After preserva-
tion, the solution was filtered through membrane
filter Sartorius with pore diameter 0.22 pm. The
viscosity of the filtered eye drops was increased
with the solution of PVA. For the preservation of
the eye drops, 2% solution of thiomersal or 0.04%
solution of phenylmercuric borate were used. The
eye drops were stored at the temperature of 4°C
and 20°C and protected from light. Qualitative
assessment performed after the preparation of the
drops and during their storage is presented in
Tables 2, 3 and 4.

Table 1. Formulary composition of the eye drops containing ceftazidime.

Components (g) (per 100 g

Formulary versions

of the eye drops)

I v \ VI

Biotum® (Ceftazidimum) (calculated
as ceftazidime pentahydrate)

1.0
(0.894)

Citrate buffer I
Components of the buffer:
Sodium citrate 3.0

Citric acid 0.15

Water for injections 96.85

99.0 99.0

99.0 - - - 99.0 -

Citrate buffer I1
Components of the buffer: - -
Sodium citrate 6.0

Citric acid 0.30

Water for injections 93.70

- 49.5 49.5 49.5 - 49.5

Solution of polyvinyl alcohol (PVA)
Viscosity 11 = 17.11 mPa-s - -

- 49.5 49.5 49.5 - 49.5

Thiomersal — 0.002

0.02 - 0.002 0.02 - -

Phenylmercuric borate - -

0.001 | 0.001

[-phenylethyl alcohol - 0.4
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Table 4. Degree of the cell reduction of the test strains: Staphylococcus aureus ATCC 6538, HA-MRSA, Pseudomonas aeruginosa ATCC 9027, Bacillus cereus, Listeria monocytogenes, Candida albicans ATCC

10231 and Aspergillus niger ATCC 16404 in the eye drops containing ceftazidime (preservation assay).
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*) requirements according to PPh VI
*¥) according to PPh: after 28 days the number of microorganisms is not expected to increase

Physicochemical evaluation of the eye drops con-
taining ceftazidime after their preparation and
after storage for 30 days at the temperature of 4°C
and 20°C

Organoleptic analysis
For organoleptic analysis the appearance of the
eye drops was evaluated, i.e. clarity, color and smell.

pH, osmotic pressure and viscosity of the eye
drops

pH of the eye drops was determined with pH-
meter, osmotic pressure was measured with
osmometer, and viscosity was measured using
Hoppler viscosimeter (Table 2).

Microbiological assessment of the eye drops con-
taining ceftazidime
Sterility studies

Sterility of the eye drops was analyzed accord-
ing to the method cited in PPh VI using membrane
filters. After 14 days of incubation the bacterial
growth on the media was not detected. It means that
the eye drops containing ceftazidime were sterile.

Determination of antimicrobial activity of cef-
tazidime in the eye drops using microbiological
method

The antimicrobial activity of ceftazidime in the
eye drops was determined using cylinder-plate
method described in PPh VI. The results of the stud-
ies of the antimicrobial activity of ceftazidime in the
eye drops are shown in Table 3.

Studies of antimicrobial efficiency of preserva-
tives: thiomersal and phenylmercuric borate in
the eye drops containing ceftazidime (preserva-
tion assay)

The antimicrobial efficiency of thiomersal and
phenylmercuric borate in the ceftazidime-containing
eye drops was examined with the preservation assay
according to PPh VI In the studies were included
also the bacteria which are dangerous for the eye but
are not mentioned in the preservation assay of PPh
VI. These were: HA-MRSA KOI1 - methicillin-
resistant Staphylococcus aureus, clinical strain iso-
lated from the eye of the patient with the inflamma-
tion of conjunctiva — a representative of the microor-
ganisms which are multi-resistant to antibiotics and
often infect various parts of the eye; Listeria mono-
cytogenes — clinical strain, a representative of psy-
chrophilic organisms characterized by the ability to
survive and multiplicate at the temperature of 4°C;
Bacillus cereus KO2 — clinical strain, isolated from
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the eye of the patient with the cornea inflammation
— a representative of endospore microorganisms
which cause infections of people who use contact
lenses. The results of the studies are presented in
Table 4.

DISCUSSION AND CONCLUSIONS

For the preparation of the eye drops, dry,
injectable form of drug (Biotum®, IBA Bioton) was
used. It is composed of ceftazidime pentahydrate,
which is poorly soluble in water, and sodium car-
bonate. In aqueous solution, as a result of a chemi-
cal reaction involving these two compounds, the
water soluble sodium salt of ceftazidime is formed.

The eye drops consisted of 1% sterile aqueous
solutions of Biotum® in citrate buffer of pH 6.18-
6.30, which is in the range of pH that is optimal for
the stability of ceftazidime, i.e. pH 4.5-6.5 (12).
Osmotic pressure of the eye drops was set in the
range 300-400 mOsm/L.

The eye drops were preserved with 0.002%
thiomersal or 0.001% phenylmercuric borate mixed
with B-phenylethyl alcohol. The viscosity of the eye
drops was increased with polyvinyl alcohol (Table
1). The choice of additives for the eye drops con-
taining ceftazidime was preceded by the test of phar-
maceutical compatibility. It showed that the preser-
vatives such as thiomersal at the concentration
above 0.003%, 0.01% chlorhexidine diacetate and
15% polyvinylpyrrolidone initiate the pharmaceuti-
cal interaction with 1% solution of Biotum®. The
interactions were studied organoleptically on the
basis of the loss of clarity, change of color or pres-
ence of sediment. Sediment particles could be seen
clearly with a bare eye, which meant that their size
was much bigger than 50 pm.

Freshly prepared eye drops were transparent,
clear and smelled of antibiotic. During storage the
eye drops were clear; the color was gradually chang-
ing from transparent to slightly yellow. The eye
drops which were stored for 30 days at the tempera-
ture of 4°C and for 10 days at the temperature of
20°C turned yellow. The eye drops stored at the tem-
perature of 20°C started to have more intense smell
sooner in comparison to those stored at 4°C. More
intense smell was noticed after 10 days of storage at
the temperature of 20°C and after 30 days of storage
at the temperature of 4°C. The change of color and
the appearance of more intense smell took place
when the antimicrobial activity of ceftazidime in the
eye drops was close to 100% of its initial activity.
Literature shows that the changing smell of the eye
drops may be caused by the gradual degradation of

ceftazidime by the release of pyridine from the cef-
tazidime molecule. Studies performed on rabbits
proved that solutions containing pyridine at the con-
centration of 63 mg/mL were not toxic for the eye.
In the eye drops, in which the ceftazidime loss was
not more than 10% of its initial content, the pyridine
concentration was lower than this concentration (4).

In the eye drops preserved with thiomersal of
the concentration of 0.02% (formulary versions
II.2., IV.2.) the pharmaceutical interaction took
place. Because of the presence of sediment, these
drops were eliminated from further studies.

After 30 days of storage at both temperatures,
pH of the eye drops and their viscosity did not
change. Although their osmotic pressure decreased
(Table 2), it did not influence the antimicrobial
activity of ceftazidime in the eye drops. The storage
temperature did not have any influence on the
decrease of the eye drops’ osmotic pressure.

The antimicrobial activity of ceftazidime in the
eye drops was particularly influenced by their stor-
age temperature. There was no loss of ceftazidime
activity in the eye drops observed after 30 days of
storage at the temperature of 4°C. However, when
the eye drops were stored at the temperature of 20°C
the decrease of antimicrobial activity of ceftazidime
in the drops was observed already on the fourteenth
day (Table 3).

The additives used in the eye drops did not
decrease the antimicrobial activity of ceftazidime
(Table 3).

Eye drops containing ceftazidime in multi-dose
containers should be preserved. It is supported by
the negative results of the preservation assay of non-
preserved drops, which was performed according to
the method of British Pharmacopoeia by Barnes and
Nash (4). Unsatisfactory preservation efficiency of
ceftazidime, resulting in too slow antimicrobial
activity, concerned also those bacterial strains that
ceftazidime is active against.

The results of the preservation assay (Table
4) indicated that thiomersal at the concentration of
0.002% or phenylmercuric borate at the concentra-
tion of 0.001% mixed with B-phenylethyl alcohol
met the requirements of PPh VI. Phenylmercuric
borate showed also high antimicrobial efficiency —
higher in comparison with thiomersal — against the
test strain Listeria monocytogenes, which is not
mentioned in PPh VI in the preservation assay.
Worse results concerning the reduction of the
number of micro-organisms in the drops were
noticed in case of HA-MRSA, where 100% reduc-
tion took place after 28 days, and in case of micro-
bial strain Bacillus cereus, which did not reach
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100% reduction in the drops after 28 days of stud-
ies (Table 4).

Because the physicochemical properties of the
eye drops, such as pH, osmotic pressure and viscos-
ity, meet the requirements of PPh VI, and the initial
antimicrobial activity of ceftazidime in the drops
stored at 4°C was unchanged for the sufficient peri-
od of time, it is possible to use the study results in
the pharmaceutical practice for the preparation of
formulary eye drops with ceftazidime and to suggest
the time period of their usage. The drops preserved
according to formulary versions II.1., IV.1., V and
VI (Table 1), prepared under aseptic conditions
could be used for 10-14 days, and in the meantime
they should be protected from light and stored at the
temperature of 4°C.

However, the suggested period of use of non-
preserved eye drops (versions I and III) after the first
use by a patient, should be no longer than 24 h,
because they are not protected against secondary
contamination.
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